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1
MOVABLE BARRIER HYDRAULIC
BRAKING

RELATED APPLICATION

This is a divisional application of U.S. patent application
Ser. No. 13/330,009, filed Dec. 19, 2011, the contents of
which are incorporated by reference in their entirety herein.

FIELD

This invention relates generally to movable barriers and,
more particularly, to braking assemblies for movable barri-
ers.

BACKGROUND

Movable barriers known in the art can include braking
systems. These braking systems operate to stop and hold a
movable barrier when commanded or configured to do so.
One type of braking system is an electromechanical brake
system. An electromechanical brake system can be config-
ured to release when power is removed from the system or
engage when power is removed, for example, to stop a
barrier from dropping out of control due to the loss in power.
In one example system, a barrier is raised or rolled up to
open a pathway and lowered or unrolled to close the
pathway. Uncontrolled dropping of such a barrier can result
in damage to the barrier or surrounding structures. While an
electromechanical braking system is satisfactory for many
purposes, the components can be relatively large to provide
sufficient braking capacity, which requires larger housings
for movable barrier operators leading to increased manufac-
turing, packaging, and transportation costs.

SUMMARY

A brake apparatus for a movable barrier is provided that
utilizes the rotation of a movable barrier operator motor
shaft or drive shaft to selectively apply a braking force to
impede the rotation thereof. In one form, a hydraulic piston
mechanism is mounted radially adjacent to the shaft to
selectively engage a cam mounted to the shaft. A brake
mechanism is fluidly coupled to the hydraulic piston, such
that the brake mechanism is configured to impede rotation of
the shaft in response to the hydraulic piston engaging the
cam.

In another form, a movable barrier operator is provided
having a housing and a motor at least partially disposed
within the housing. The motor includes a motor shaft and is
configured to drive a movable barrier between open and
closed positions. The operator further includes a hydraulic
brake assembly that is at least partially received within the
housing and configured to selectively engage the motor shaft
to thereby inhibit rotation of the motor shaft and movement
of the movable barrier.

The hydraulic brake apparatus can further take the form of
a kit for a movable barrier system including a movable
barrier operator configured to drive a movable barrier
between open and closed positions. An example kit includes
a cam configured to be mounted to a shaft of the motor or
the movable barrier to rotate therewith. A hydraulic piston
pump in the kit is configured to be mounted radially outward
of the shaft to selectively engage the cam. The hydraulic
piston pump is also configured to be operably coupled to a
brake mechanism included in the kit such that the piston
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pump engaging the cam causes the brake mechanism to
engage the shaft to thereby impede rotation of the shaft.

By another approach, an example hydraulic brake device
for a movable barrier includes a hydraulic block housing that
includes hydraulic lines and cylinders for the hydraulic
components. The cylinders can be configured to be a piston
pump, a reservoir/accumulator, a brake piston, and a spool
valve. The hydraulic lines fluidly connect the cylinders with
the cylinder of the spool valve fluidly positioned interme-
diate of the piston pump and the reservoir. The spool valve
includes a spool member received within the cylinder
thereof that is shiftable between first and second positions.
In the first position, the spool valve impedes fluid flow
between the piston pump and the reservoir, and in the second
position, the spool valve allows fluid flow between the
pressurized reservoir and the piston pump. The example
hydraulic brake device further includes a brake mechanism
with a shiftable brake pad, a first piston for the piston pump,
and a second piston for the brake piston. The first piston is
configured to be driven to an extended position by pressure
within the reservoir when the spool member is shifted to the
second position, so that the first piston can be engaged and
driven by a cam to a compressed position. By the compres-
sion, a fluid line connecting the piston pump to the brake
piston is pressurized. The second piston within the brake
piston is driven by the pressure in the line to an extended
position to thereby shift the brake pad of the brake member
to engage with a rotor.

A method of impeding rotation of a drive shaft of a
movable barrier or a motor shaft of a movable barrier
operator is provided to stop movement of a movable barrier
coupled thereto. One example method includes converting
rotational movement of the shaft into linear movement of a
piston within a piston pump. The operation of the piston
pump creates pressure within a hydraulic line fluidly con-
nected to the piston pump. The pressure then drives a brake
pad into frictional engagement with a brake member coupled
to the shaft. By one approach, the pressure drives a caliper
piston to an extended position to engage and drive the brake
pad.

A method of installing a hydraulic brake assembly for a
movable barrier is also provided. One example method
includes coupling a cam to a drive shaft of a movable barrier
and mounting a piston pump adjacent to the drive shaft for
selective engagement of the cam. A brake member, such as
a rotor, is also coupled to the drive shaft. The example
method further includes mounting a brake caliper assembly
so that a brake pad thereof is positioned adjacent to the brake
member for selective engagement of the brake member by
the brake pad. A brake piston mechanism, with an estab-
lished hydraulic line with the piston pump, is mounted
adjacent to the brake caliper assembly and is configured to
selectively shift the brake pad into engagement with the
brake member.

BRIEF DESCRIPTION OF THE DRAWINGS

The above needs are at least partially met through provi-
sion of the movable barrier hydraulic braking described in
the following detailed description, particularly when studied
in conjunction with the drawings, wherein:

FIG. 1 is a perspective view of a portion of a structure
defining a barrier opening therein having a rolling door
assembly mounted adjacent thereto in a closed position;

FIG. 2 is a perspective view of components of a movable
barrier operator having a hydraulic braking apparatus
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according to various embodiments of the invention disposed
therein shown through a cutaway of a housing of the
operator,

FIG. 3 is a diagrammatic view of a hydraulic braking
apparatus for a movable barrier according to various
embodiments of the invention;

FIG. 4 is an exploded view of an example hydraulic
braking apparatus according to various embodiments of the
invention;

FIG. 5 is a perspective view of a hydraulic housing for the
hydraulic braking apparatus of FIG. 4;

FIG. 6 is a cross-sectional view of the hydraulic housing
of FIG. 5 taken along the line 6-6 in FIG. 5 having
cross-hatching removed to clearly show the hydraulic lines
and chambers therein;

FIG. 7 is a cross-sectional view of the hydraulic housing
of FIG. 5 taken along the line 7-7 in FIG. 5 showing detail
of the piston pump;

FIG. 8 is a cross-sectional view of an example spool valve
for the hydraulic housing of FIG. 5 showing the spool valve
member in an off position;

FIG. 9 is a cross-sectional view of the spool valve of FIG.
8 showing the spool valve member in an operative position;

FIG. 10 is a cutaway view of a caliper piston and brake
caliper device for the hydraulic braking apparatus of FIG. 4;

FIG. 11 is a flowchart for an example operation of a
hydraulic braking assembly in accordance with various
embodiments of the invention; and

FIG. 12 is a flowchart for an example installation of a
hydraulic braking assembly in accordance with various
embodiments of the invention.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions
and/or relative positioning of some of the elements in the
figures may be exaggerated relative to other elements to help
to improve understanding of various embodiments of the
present invention. Also, common but well-understood ele-
ments that are useful or necessary in a commercially feasible
embodiment are often not depicted in order to facilitate a
less obstructed view of these various embodiments. It will
further be appreciated that certain actions and/or steps may
be described or depicted in a particular order of occurrence
while those skilled in the art will understand that such
specificity with respect to sequence is not actually required.
It will also be understood that the terms and expressions
used herein have the ordinary technical meaning as is
accorded to such terms and expressions by persons skilled in
the technical field as set forth above except where different
specific meanings have otherwise been set forth herein.

DETAILED DESCRIPTION

A hydraulic braking apparatus is provided that utilizes the
rotation of a motor or movable barrier drive shaft to impede
rotation of the shaft. This configuration can be utilized to
apply an increasing braking force with continued rotation of
the shaft. The hydraulic braking apparatus is configured to
selectively engage the shaft so that a movable barrier
operator can function normally to drive a movable barrier
between open and closed positions. Then, when stopping
movement of the movable barrier is desired, the hydraulic
braking apparatus can selectively engage the shaft. By the
illustrated approach, a cam is mounted to the shaft and a
piston pump is mounted radially adjacent to the cam. When
braking is desired, a piston of the piston pump is forced to
an extended position by pressurized fluid from the reservoir
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in a path of rotation of the cam so that the cam, which is
powered by the motor drive shaft, drives the piston to a
compressed position. Pressure created in hydraulic fluid by
the piston pump then causes a braking device to engage and
impede rotation of the shaft.

So configured, the energy of the moving barrier is redi-
rected to brake and stop the barrier through the hydraulic
brake. A controller can cause actuation of a portion of
hydraulic brake to cause the brake apparatus to operate. By
engaging a cam rotating with the movable barrier drive
shaft, the movable barrier’s motion (through the drive shaft)
powers the brake by compressing a hydraulic fluid, which in
turn drives a brake apparatus to engage the drive shaft. Such
a brake can be made to have a small size and readily
incorporated into the movable barrier driving apparatus.
Moreover, the brake is not reliant upon an outside power
source to engage or stop the barrier such that the barrier
movement can be impeded in a variety of applications.
These and other advantages will be apparent in view of the
following description.

Referring now to the drawings and especially FIG. 1, an
example rolling door assembly 10 is illustrated. The rolling
door assembly 10 is configured to be mounted to a wall or
substrate 12 adjacent to an opening 14 to provide selective
access therethrough. The rolling door assembly 10 includes,
at least in part, a rolling door 16 coupled to a drum 18 at a
top portion of the rolling door 16 and guide rails or tracks 22
to direct movement of the rolling door 16 between open and
closed positions. The drum 18 can be generally cylindrical
and include a circumferential perimeter and a central lon-
gitudinal axis L. around which the drum 18 rotates to direct
movement of the rolling door 16. So configured, the rolling
door 16 is movable to any position between a closed position
unrolled from the drum 18 and covering the opening 14 and
a stored or raised position rolled around the drum 18 and
exposing the opening 14. Movement of the rolling door 16
can be driven by, for example, a movable barrier operator 24
or a manually-operated crank. Such an operator can be
controlled by typical devices, including a push button con-
trol unit, which can include an electronic controller and a
keypad, or a remote control device that is configured to
wirelessly send command signals to a receiver in the opera-
tor.

More particularly, the rolling door 16, in this example,
includes a series of rectangular slats or panels 26. Each slat
26 rotatably couples to adjacent slats along top and bottom
edge portions 27, 29 thereof to form the main faces of the
rolling door 16. As discussed above, the rolling door 16
couples to the drum 18 along its top edge portion by suitable
attachment methods, such as hardware, welding, or the like.
By one approach, the drum 18 is hollow and connected to a
shaft 28 by a coupling member 30. The shaft 28 can be a live
shaft that, as known in the art, rotates along with the drum
18, which can utilize a bearing internal to an attached
operator or crank. The shaft 28 can alternatively be a dead
shaft that, as known in the art, remains stationary during
movement of drum 18 and uses an external bearing between
the shaft 28 and the drum 18. The shaft 28 couples to
mounting brackets 32 that attach to the wall 12 by conven-
tional methods. The mounting brackets 32 restrict the drum
18 from moving radially along radii extending out and away
from the longitudinal axis L. Similarly, the guide rails 22
mount to the wall 12 on adjacent sides of the opening 14 in
a conventional manner. The rolling door assembly 10 may
further include a hood or cover 34 that at least partially
surrounds and preferably encloses the drum 18, and any
portion of the rolling door 16 wrapped therearound, therein.
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The hood 34 conceals the drum 18 and the portions of the
rolling door 16 wrapped around the drum 18 and provides
protection for the rolling door assembly 10.

As shown in FIG. 2, an example hydraulic braking
apparatus 100 for the above described movable barrier
system includes a hydraulic housing 102 with a brake caliper
device 104 mounted thereto. The housing 102 includes all
hydraulic lines, chambers, and cylinders necessary for the
hydraulic operations of the hydraulic braking apparatus 100
therein. Moreover, the hydraulic operations of the housing
102 are configured, in part, to engage the brake caliper
device 104 to drive operation thereof for impeding rotation
of the shaft. The housing 102 is mounted to a bracket 105
that is configured to be installed so that the shaft 28 passes
through a central opening 106 (FIG. 4) therein. As such, the
hydraulic braking apparatus 100 is positioned radially adja-
cent to and outward from the shaft 28. It will be understood
that the shaft 28 can refer to a drive shaft for the movable
barrier 16 or a motor shaft.

As shown in FIG. 6, a cam 108 is mounted to the shaft 28
radially inward of the hydraulic braking apparatus 100 so as
to rotate therewith. The cam 108 includes a bore 110
therethrough that is positioned off-center so that with mount-
ing of the cam 108 to the shaft 28, the cam 108 has an
irregular path of rotation. If desired, the cam 108 can include
a bearing 112, such as a roller bearing or the like, mounted
to a radially outward portion of the cam 108 so that friction
with components interacting with the cam 108, and the wear
associated therewith, is minimized. As shown, the cam 108
includes a radial, outwardly facing trough 114 extending
therearound for reception of ball bearings 116 of the roller
bearing 112. Preferably, the shaft 28 includes a flattened
radial surface portion 118 and the cam opening 110 has a
similarly configured flattened portion 120, so that the cam
108 rotates with the shaft 28 without slippage or additional
hardware or other attachment methods.

Referring now to the diagrammatic view of the hydraulic
braking apparatus 100 shown in FIG. 3, the operation will
first be described followed by details of the structure of each
component. A piston pump 122 includes a cylinder or
chamber 124 and a piston member 126 slidingly disposed
therein. The piston member 126 shifts between an extended
position where the piston member 126 extends partially out
of the chamber 124 and a compressed position where the
piston member 126 is fully received within the chamber 124.
A control device, such as a solenoid 128, return spring 130,
or the like, controls operation of the piston pump 122 and is
configured to drive or cause the piston member 126 to be
driven to the extended position. The piston pump 122 is
mounted radially outward of the shaft 28 and the cam 108
mounted thereto so that with the piston member 126 in the
extended position, an end portion 132 (FIG. 7) of the piston
member 126 is located within a path of rotation of the cam
108. So configured, when operation of the hydraulic braking
apparatus 100 is desired, the control device 128 drives or
causes the piston member 126 to be driven to the extended
position where the cam 108 subsequently impacts the end
portion 132 (FIG. 7) thereof and drives the piston member
122 to the compressed position.

The hydraulic braking apparatus 100 utilizes hydraulic
fluid 134 to transfer forces between its various components.
As such, the piston pump 122 includes an outlet 135 and an
inlet 136 through which the piston pump 122 expels and
receives the hydraulic fluid. Check valves 138, or one-way
valves, are mounted in-line with each of the outlet 135 and
inlet 136 to control fluid flow therethrough. Utilizing this
structure, the check valves 138 allow fluid to flow out of the
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piston pump 122 through the outlet 135 and in through the
inlet 136, but restrict the opposite flow.

A caliper piston 140 fluidly connects to the outlet 135 of
the piston pump 122 at a caliper piston line 142 to be driven
thereby. The caliper piston 140 includes a chamber or
cylinder 144 and a piston member 146 slidingly disposed
therein to be driven between an extended braking position
and a retracted rest position. As the pump piston member
126 is driven to the compressed position, it pressurizes the
hydraulic system causing the hydraulic fluid within the lines
connecting the piston pump 122 to the caliper piston 140 to
exert pressure on the piston member 146 of the caliper piston
140. With enough force, the piston member 146 is driven to
the extended position where it engages the brake caliper 104.
The brake caliper 104 then frictionally impedes rotation of
the shaft 28.

The hydraulic brake apparatus 100 also includes a fluid
reservoir or accumulator 148 selectively fluidly coupled to
the outlet 135 and the inlet 136 of the piston pump 122. The
fluid reservoir 148 can be configured to hold excess hydrau-
lic fluid to accommodate volume changes in the system and
can aid in separation of air from the fluid. Moreover, as an
accumulator, the reservoir 148 is configured to store energy
within the hydraulic system. This can be achieved using a
spring, a pressurized gas, or the like, and/or utilizing a piston
or a bladder, for example. The check valves 138, in com-
bination with the solenoid 128 (or return spring 130, in the
case of loss of energy), allow for the preservation of energy
in the accumulator 148 by controlling and restricting fluid
flow through the system. This pressurized fluid can then be
utilized to start operation of the hydraulic brake apparatus
100 by driving the piston pump 122 to the extended position.

A pressure relief valve 150 can be installed between the
piston pump outlet 135 and/or the reservoir 148 and can be
configured to prevent overloading and/or rupture of the
hydraulic lines or seals or shock to the barrier system. The
valve 150 can also be configured to maintain a small positive
pressure to exclude moisture and contamination.

The solenoid 128 is illustrated in FIG. 3 as stacked boxes
illustrating connections between the various lines of the
hydraulic braking apparatus 100. The upper box corresponds
to the solenoid 128 being in an operative position that
connects the reservoir 148 to the pump inlet 136 so that the
pressurized fluid in the reservoir 148 can drive the piston
pump 122 to the extended position. The lower box corre-
sponds to the solenoid 128 being in an off position that
connects the pump outlet 135 to the reservoir 148 and
disengages the reservoir 148 from the pump inlet 136.

As shown in FIG. 3, the hydraulic braking apparatus 100
can also be configured to operate in a fire door system. Such
a fire system is configured to shut a barrier in response to
detection of a fire or other emergency. This can advanta-
geously restrict the spread of fire or other undesired material.
In order to operate in such a way, the hydraulic braking
apparatus 100 includes an alarm control device 129, such as
a solenoid or a spring. The alarm solenoid 129 controls fluid
flow between the piston pump outlet 135 and the reservoir
148. The alarm solenoid 129 is illustrated as in FIG. 3 as
stacked boxes showing the two operational states of the
solenoid. In a normal operating position, corresponding to
non-emergency situations, the pump outlet 135 and the
reservoir 148 are disconnected. In the engaged position,
corresponding to a fire alarm or other emergency situation,
the pump outlet 135 is connected to the reservoir 148 so that
any pressure that is causing the caliper piston 140 to engage
the brake caliper device 104 is released and the hydraulic
braking apparatus 100 no longer impedes movement of the
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barrier 16. As such, the barrier 16 is allowed to move to the
closed position covering its associated barrier opening

Having described the general operation of the hydraulic
braking apparatus 100 above, the structural detail of an
example apparatus 100 will now be described with reference
to FIGS. 4-10. As shown, the housing 102 includes all of the
hydraulic lines, passageways, and chambers/cylinders nec-
essary for operation of the hydraulic braking apparatus 100.
The housing 102 includes a front surface 152, a rear surface
154, a top surface 156, a bottom surface 158, and side
surfaces 160. It will be understood that directional orienta-
tion included in the description is for clarity purposes only
and that the hydraulic braking apparatus 100 can be mounted
radially outward from the shaft 28 in any suitable orientation
with respect to the shaft 28.

In addition to the check valves 138 discussed above, the
hydraulic braking apparatus 100 utilizes a spool valve 162
that controls operation by controlling hydraulic fluid flow
between the various brake components. The spool valve 162
includes a generally cylindrical bore 164 through the hous-
ing 102 extending from the top surface 156 to the bottom
surface 158 thereof. The pump inlet 136, the pump outlet
135, the caliper piston 140, the reservoir 148, and the
pressure relief valve 150 fluidly connect to the bore 164 so
that the valve 162 can control the fluid flow therebetween.
A spool member 166 having a generally cylindrical side
surface 168 is slidingly disposed within the spool bore 164.
The spool member 166 includes four annular grooves 169
extending therearound generally transverse to the longitu-
dinal length thereof that divide the spool member 166 into
first, second, and third sections 170, 172, 174 (FIGS. 8 and
9). The spool member side surface 168 in each of the
sections 170, 172, 174 is recessed or concave with respect to
the grooves 169, so that when o-rings 176 are disposed in the
grooves 169, the o-rings 176 sealingly engage the bore 164
to create first, second, and third volumes 171,173,175 (FIG.
8) between the bore 164 and the spool member 166.

Moreover, the spool member 166 includes a first bore 178
extending transversely to the spool longitudinal axis through
the first section 170 thereof and a third bore 180 extending
transversely to the spool longitudinal axis through the third
section 174 thereof. A central longitudinal bore 182 extends
from a bottom surface 184 of the spool member 166 past the
third bore 180 and the first bores 178 to internally, fluidly
connect the first bore 178 and the third bores 180. The
central bore 182 is sealed at the bottom surface, so that when
the spool member 166 is disposed within the spool bore 164,
the first volume 172 and the third volume 176 are fluidly
connected and sealed on the top and bottom thereof, and the
second volume 173 is sealingly isolated.

With the single-piece housing form illustrated in the
figures, the passageways and chambers of the hydraulic
components are bored into the housing 102. As such, some
of the passageways and chambers are open to the front
surface 152 of the housing 102. In order to contain the
hydraulic fluid 134 within the housing 102, a cover or
diaphragm 210 is mounted to cover the housing front surface
152 to thereby sealingly close any open passageways or
chambers.

The housing 102 includes a concavely arcuate bottom
right corner portion 186 (FIG. 6) along the bottom surface
158 thereof. Preferably, the arcuate corner portion 186 has a
radius of curvature equal to or slightly greater than a largest
path of rotation of the cam 108, or the bearing 112 mounted
thereto (i.e., the path of rotation corresponding to the edge
having the largest spacing from the cam bore 110). The
piston pump chamber 124 is bored into this corner portion

10

15

20

25

30

35

40

45

50

55

60

65

8

186 through the bottom surface 154 so that the pump piston
member 126 can be driven partially out of the chamber 124
and into a path of rotation of the cam 108. With this
configuration, the cam 108 can pass closely adjacent to the
housing 102 with rotation of the shaft 28 to impact and drive
the piston member 126 of the piston pump 122 without
undesirably contacting the housing 102.

Turning now to details of the pump piston member 126,
which includes the end portion 132 and a generally cylin-
drical top portion 188. The end portion 132 is preferably
rounded, such as having a dome-shape, so as to minimize
friction and potential wear caused by the cam 108 repeatedly
impacting the piston member 126 during operation of the
hydraulic braking apparatus 100. The piston member top
portion 188 includes a pair of transverse annular grooves
190 therearound, one adjacent to the end portion 132 and the
other closely adjacent to a top surface 192 of the piston
member 126. The grooves 190 are sized and configured to
receive o-rings 194 therein. The o-rings 194 and piston
member 126 are sized to sealingly engage the chamber 124
so that the hydraulic fluid is restricted from leaking or
otherwise passing between the o-ring 194 and the pump
chamber 124. Preferably, a side surface 196 of the piston
member 126 between the grooves 190 is recessed with
respect thereto or is at least partially concave so that there is
a volume 200 between the piston side surface 196 and the
pump chamber 124 to receive the hydraulic fluid therein.

As discussed above, the pump chamber 124 includes the
outlet 135 and the inlet 136 to fluidly connect the pump 122
to the other brake components. Referring now to FIG. 6, the
outlet 135 is a bore that extends from an end portion 198 of
the pump chamber 124. In the illustrated form, the outlet 135
extends along the longitudinal axis of the chamber 124.

A check valve passageway 202 extends from an opening
204 in the housing front surface 152 to fluidly connect to the
pump outlet 135. At the front surface 152, the check valve
passageway 202 includes a chamber 206 having a relatively
wider diameter than the adjacent portion of the passageway
202 to create a shoulder 208 for reception of the outlet check
valve 138. The check valve chamber 206 is sized to tightly
receive, such as in a friction fit, the check valve 138 therein
so that the hydraulic fluid driven from the piston pump 122
cannot bypass the check valve 138. In the illustrated single
housing form, the check valve cavity 202 is bored into the
housing front surface 152.

A recessed pump outlet-spool channel 212 in the housing
front surface 152 connects the check valve cavity opening
204 with an opening 214 of a pump outlet-spool passageway
216. An opposite opening 217 of the pump outlet-spool
passageway 216 opens to the spool bore 164. With the cover
210 tightly secured against the housing front surface 152, the
channel 212 is water tight, and, as such, all of the hydraulic
fluid driven by the piston pump 122 through the check valve
138 is driven into the pump outlet-spool passageway 216
and into the spool bore 164. Operational details of the spool
valve 162 will be discussed in greater detail below. If
desired, the channel 212 can include a wall 218 extending
away from the housing front surface 152 around its perim-
eter. With this configuration, the cover 210 will deform over
the wall 218 to provide additional sealing area and protec-
tion against leaks.

Turning back to the piston pump 122, the pump inlet 136
extends from an opening 220 in the housing front surface
152 to intersect the pump chamber 124 intermediate of the
housing bottom surface 158 and the chamber end portion
198. Specifically, the pump inlet 136 opens to the pump
chamber 124 to fluidly connect to the inlet volume 200,
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discussed above, corresponding to the area between the
member side surface 196 between the o-rings 194. A
recessed pump inlet-spool channel 222 in the housing front
surface 152 connects the pump inlet 136 with an opening
224 of a pump inlet-spool passageway 226. An opposite
opening 228 of the pump-inlet spool passageway 226 opens
to the spool bore 164. As such, the pump inlet 136 is fluidly
connected to the spool valve 162. If desired, the channel 222
can include a wall 230 extending away from the housing
front surface 152 around its perimeter. With this configura-
tion, the cover 210 will deform over the wall 230 to provide
additional sealing area and protection against leaks.

Additionally, the piston member 126 includes a longitu-
dinal central cavity 232 that opens at the piston member top
surface 192, and, thus, to the pump outlet 135. A bore 234
extends through the piston member 126 in a direction
transverse to the pump longitudinal axis and opens to the
piston member side surface 196 between the grooves 190 to
the inlet volume 200. The bore 234 also intersects the central
cavity 232 so that the bore 234 fluidly connects the inlet
volume 200 with the central cavity 232, and therefore, the
pump inlet 136 and outlet 135. Accordingly, the pump inlet
136 and outlet 135 are fluidly connected both within the
pump 122 and through the spool valve 162.

The central cavity 232 further includes a check valve
chamber 236 having a diameter larger than a downstream
portion of the central cavity 232 to create a shoulder 238 for
reception of the check valve 138. Preferably, the chamber
236 has a diameter sized to tightly receive the check valve
138 therein, such as in a friction fit, to allow fluid flow from
the inlet 136 to the outlet 135, but to restrict fluid flow from
the outlet 135 to the inlet 136.

Turning now to details of the reservoir/accumulator 148,
as shown in FIGS. 4-6. In the illustrated form, the reservoir
148 includes first and second cylinders 240, 242 bored into
the housing 102 through the front surface 152 thereof. If
desired or required by a particular application, an alternative
number of cylinders can be used, such as one cylinder, three
cylinders, or more. Each cylinder 240, 242 is sized to
slidingly receive a cylindrical cap 244 therein. Each cap 244
includes an annular groove 246 extending transversely
therearound configured to receive an o-ring 248 therein. The
groove 246 and o-ring 248 are sized to sealingly engage each
cylinder 240, 242 so that hydraulic fluid 134 disposed in the
reservoir 148 does not leak around the cap 244. A front end
portion 250 of each cap 244 includes a recess 252, which can
preferably be generally cylindrical as shown, sized to par-
tially receive a spring 254. The spring 254 biases the cap 244
towards a rear surface 256 of the cylinder 240, 242. Thus, as
the hydraulic fluid 134 is forced into the reservoir 148, the
fluid 134 presses against the cap 244 and the cap 244 is
driven toward the housing front surface 152 deforming the
spring 254. So configured, pressure can be stored in the
reservoir in the form of the depressed spring 254.

In order to receive the hydraulic fluid 134 to store excess
pressure in the hydraulic system, the reservoir 148 is fluidly
connected to the pressure relief valve 150 and the spool
valve 162. The first and second cylinders 240, 242 are fluidly
connected by a passage 258 adjacent to the rear surface 256
thereof opposite of the housing front surface 152. A reservoir
passageway 260 has an opening 262 in the housing front
surface 152 and is bored adjacent to the first cylinder 240 to
a depth generally equal to the cylinders 240, 242. A second
passage 264 adjacent to the cylinder rear surface 256 fluidly
connects the first cylinder 240 to the reservoir passageway
246.
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A recessed portion 266 in the housing front surface 152
fluidly connects the reservoir 148, the spool valve 162, and
the pressure relief valve 150, as shown in FIG. 5. A
reservoir-spool passageway 268 includes an opening 270 in
the housing front surface 152 and extends to an opening 272
to the spool bore 164. A pressure valve passageway 274 also
has an opening 276 in the housing front surface 152 and an
opening 278 to the spool bore 164. The pressure valve
passageway 274 further includes a pressure valve cavity 280
adjacent to the housing front surface 152 having a diameter
greater than an adjacent portion thereof forming a shoulder
282 for reception of the pressure valve 150. If required for
aparticular pressure valve and as shown in FIG. 4, the cavity
280 can be sized to tightly receive a pressure valve housing
283 therein, such as in a friction fit. The pressure valve
housing 283 can then be configured to receive and house the
pressure valve 150 therein. As shown, the reservoir passage-
way opening 262, the reservoir-spool passageway opening
270, and the pressure valve passageway opening 276 are all
located within the recessed portion 266, and, as such, the
recessed portion 266 fluidly connects the components with
the cover 210 mounted to the housing 102. If desired, the
recessed portion 266 can include a wall 284 extending away
from the housing front surface 152 around its perimeter.
With this configuration, the cover 210 will deform over the
wall 284 to provide additional sealing area and protection
against leaks.

Turning now to more details of the caliper piston 140, as
shown in FIGS. 4-7 and 10. The caliper piston chamber 144
includes an opening 286 in the housing front surface 152 and
an opening 288 in the housing rear surface 154 so that the
chamber 144 extends through the housing 102. The rear
opening 288 has a relatively smaller diameter than the rest
of the chamber 144 so that the chamber 144 includes a
shoulder 290 extending around the rear opening 288. The
caliper piston member 146 shown in FIG. 4 includes a front
cylindrical portion 292 with an annular groove 294 extend-
ing transversely therearound configured to receive an o-ring
296. The front portion 292 and the o-ring 296 are sized to
sealingly engage the chamber 144 so that hydraulic fluid 134
is restricted from leaking therearound. The piston member
146 further includes a rear cylindrical portion 298 having a
relatively smaller diameter than the front portion 292 sized
to pass through the rear opening 288. The caliper piston 140
utilizes a spring 300 that is configured and sized to fit around
the piston member rear portion 298. When the piston mem-
ber 146 is disposed within the chamber 144, the spring 300
abuts a shoulder 302 of the piston member front portion 292
adjacent to the rear portion 298 and the shoulder 290
adjacent to the rear opening 288 to bias the piston member
146 away from the housing rear surface 154 and the opening
288 therein.

A recessed caliper channel 304 in the housing front
surface 152 fluidly connects the caliper piston 140 to a
caliper-spool passageway 306 having an opening 308 in the
housing front surface 152 and an opening 310 to the spool
bore 164. If desired, the caliper channel 304 can include a
wall 312 extending away from the housing front surface 152
around its perimeter. With this configuration, the cover 210
will deform over the wall 312 to provide additional sealing
area and protection against leaks. The caliper piston 140 can
additionally include a storage or overflow chamber 314
bored into the housing front surface 152 that opens within
the recessed caliper channel 304. In this configuration, the
wall 312 would additionally extend around the chamber 314.
The storage chamber 314 is sized to receive excess hydraulic
fluid therein during operation of the hydraulic system.
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Operation of the spool valve 162 will now be described
with respect to FIGS. 8 and 9. The spool valve 162 operates
by sliding the spool member 166 within the bore 164
between an off position shown in FIG. 8 and an operative
position shown in FIG. 9. The pump outlet-spool passage-
way 216 and the caliper-spool passageway 306 connect to
the spool bore 164 in a vertically stacked orientation closely
adjacent to one another and adjacent to the housing top
surface 156. These passageways 216, 306 are configured to
fluidly connect with the spool first volume 171 in both the
operative position and the off position. As such, the pump
outlet 135 and the caliper piston 140 are continuously fluidly
connected. Accordingly, if desired, the pump outlet 135 and
the caliper piston 140 could share a single spool passageway
and a recessed front housing channel configured similarly as
discussed above if desired. The pump inlet-spool passage-
way 226 connects to the spool bore 164 so as to be fluidly
connected with the spool second volume 173 in both the
operative position and the off position, while the pressure
valve passageway 274 connects to the spool bore 164 so as
to be fluidly connected with the spool third volume 175 in
both the operative position and the off position. Finally, the
reservoir-spool passageway 268 connects to the spool bore
164 intermediate of and spaced from the pump inlet-spool
passageway 226 and the pressure valve passageway 274. So
configured, in the operative position, the reservoir-spool
passageway 268 is fluidly connected to the pump inlet-spool
passageway 226 through the second spool volume 173, and,
in the off position, is fluidly connected to the reservoir-spool
passageway 268 through the spool third volume 175. Addi-
tionally, as discussed above, the spool first and third vol-
umes 172 and 176 are fluidly connected through the spool
bores 178, 180, 182.

With this configuration, when the hydraulic braking appa-
ratus 100 is disengaged with the spool member 166 in the off
position, pressure built up within the system is transferred to
the reservoir 148 to be stored thereby, as discussed above,
and the pump inlet 136 is isolated from pressure stored
within the system by being isolated in the spool second
volume 173. Then, when braking is desired, the spool
member 166 is shifted downward so that the reservoir-spool
passageway 268 transfers from the spool third volume 175
to the spool second volume 173. This allows reservoir
pressure to transfer fluid stored within the reservoir 148 to
the pump inlet 136 and through the check valve 138 to above
the pump piston member 126. This pressure drives the pump
piston member 126 to the extended position to be subse-
quently driven by the cam 106 to the compressed position.
When the cam 106 drives the pump piston member 126 to
the compressed position, the hydraulic fluid is driven
through the pump outlet 135 and the spool valve 162 to
overcome the spring 300 biasing force and drive the caliper
piston member 146 rearwardly so that the rear portion 298
thereof is driven through the rear opening 288. By fluid
connection through the spool valve 162, excess pressure can
vent through the pressure relief valve 150, which, by virtue
of the recessed portion 266 transfers fluid to the reservoir
148 and, if the spool valve 162 is in the operational position,
back to the pump inlet 136 to again drive the pump piston
member 126 to the extended position.

The hydraulic braking apparatus 100 can be pre-charged
during manufacture, to a pressure range of about 30 pounds
per square inch (psi) to about 50 psi, although other pres-
sures can be used. The pre-charge can be utilized to start
operation of the hydraulic braking apparatus 100 without
prior engagement of the piston pump 122 with the cam 108,
which allows the hydraulic braking apparatus 100 to stati-
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cally hold against rotation of the shaft 28. The braking force
required to statically hold the movable barrier 16 in a
stopped position is much lower than the braking force
required to dynamically stop rotation of the shaft 28. As
discussed above, dynamic braking is achieved with the cam
108 engaging the piston pump 122. The pressure generated
within the hydraulic braking apparatus continues to build up
with repeated piston pump operational cycles and as the
shaft 28 rotates during its slowing down. If the pressure
exceeds a threshold pressure, the pressure relief valve 150
can vent the excess pressure to the reservoir 148 to keep the
maximum pressure at a reasonable level, such as about 300
psi to about 500 psi for the illustrated example.

The brake caliper device 104 will now be described with
respect to FIGS. 4 and 10. The brake caliper 104 includes
front and rear surfaces 316, 318 and mounts to the housing
102 so that the caliper front surface 316 abuts the housing
rear surface 154. The brake caliper 104 includes a pair of
brake pads 319 that are configured to impede rotation of the
shaft 28.

In the illustrated form, the brake caliper 104 is secured
with a screw or bolt 320 inserted through a threaded bore
322 extending through the housing front and rear surfaces
152, 154 and into the brake caliper 104 through the front
surface 316 thereof. To keep the housing front surface 152
flush, a front portion 324 of the bore 320 can have a
relatively larger diameter so that an end portion 326 of the
bolt 320 configured to be turned by a suitable tool can be
received within the bore front portion 324. In the illustrated
form, the bore 322 is positioned in an upper left corner
portion 328 of the housing 102 spaced from the hydraulic
components and passageways therein.

As discussed above, the housing 102 and the brake caliper
104 secured thereto are configured to be mounted to the
bracket 105, as shown in FIG. 2. Pursuant to this, the
housing 102 and the brake caliper 104 include bores 330 and
331 therethrough extending from the housing front surface
152 to the caliper rear surface 318. The bores 330 and 331
align with an opening 332 in the bracket 105 and an opening
334 in the cover 210 to receive screws or bolts 333 there-
through. As such, the housing 102 and the brake caliper 104
can be tightly secured against the bracket 105 with the cover
210 therebetween. Preferably, the housing 102 is secured
tightly enough so that the cover 210 seals the various
recessed portions of the housing front surface 152 against
leakage. With the housing 102 mounted to the bracket 105,
the springs 254 of the reservoir 148 abut the cover 210 and
the bracket 105 underneath to bias the caps 244 rearwardly
in the reservoir cylinders 240, 242 to pre-pressurize the
system. In the illustrated form, the bores 330 are positioned
in a lower left corner portion 336 and an upper right corner
portion 338 of the housing 102 respectively.

The brake caliper 104 includes a recessed portion 340 in
the front surface 316 and onto a radially inward side 341
thereof. The recessed portion 340 is sized so that the bores
330 are positioned at ends 342 thereof. A forwardly facing
surface 344 of the recessed portion 340 has one of the brake
pads 319 secured thereto, such as with a suitable adhesive,
hardware, or the like. Additionally, the brake caliper 104
includes a free-floating brake pad member 346 that includes
the other brake pad 319 secured to a rigid backing plate 348.
An interior edge 350 of the backing plate 348 abuts and is
substantially complementary to an interior surface 352 of the
recessed portion 340 so that the backing plate 348 can be
smoothly shifted therealong. An opposite outer edge 354 of
the backing plate 348 generally aligns with outer edges 356
of the brake pads 319, so that the brake pads 319 are



US 9,458,902 B2

13

substantially aligned in a front to back relation. The brake
pads 319 can preferably have a generally identical shape and
configuration. As shown, concave end portions 358 of the
backing plate 348 are configured to extend partially around
the bolts 333 received in the bores 330 so that with the brake
caliper 104 mounted to the housing 102 and both secured to
the bracket 105, the brake pad member 346 is secured within
the caliper recessed portion 340.

The brake caliper 104 is mounted to the housing 102 with
the recessed portion 340 and the brake pad member 348
therein being aligned rearwardly of the rear opening 288 of
the caliper piston 140. So configured, when the caliper
piston member 146 is driven rearwardly, the rear portion 298
is free to pass through the rear opening 288 and to abut the
brake pad member 346 thereby shifting the brake pads 319
together to impede rotation of the shaft 28. If desired, the
brake pad member 348 can be secured to the caliper piston
member 146, such as by hardware, welding, or the like, so
that the biasing force of the spring 300 pulls the brake pad
member 348 away from the other brake pad 319 when the
hydraulic braking apparatus 100 is off. This would addition-
ally restrict the travel of the caliper piston member 146
within the cylinder 144 despite the biasing force of the
spring 300.

As shown in FIG. 2, a circular rotor 360 is mounted to the
shaft 28 to rotate with the shaft 28. The rotor 360 has a
diameter sized to extend into the recessed portion 340 of the
brake caliper 104 between the brake pads 319. So config-
ured, the caliper piston 140 can drive the brake pads 319
together that then frictionally engage main surfaces 362 of
the rotor 360 to thereby impede rotation of the shaft 28.

Turning again to control of the hydraulic braking appa-
ratus 100, the bracket 105 includes a tab 364 that is turned
to be positioned adjacent to the right side surface 160 of the
housing 102 and is configured to have the solenoid 128
mounted thereto, such as with a solenoid mounting bracket
365. The solenoid 128 includes a shifting mechanism 366
that shifts a bracket 368 vertically between a first lower
position and a second higher position. The solenoid bracket
368 is configured to rotatably couple to a first end 370 of an
arm 372. The arm 372 extends over the housing 102 to a
second end 374 thereof that is configured to rotatably couple
to an upper bracket 376 of the spool member 166. A pivot
378, such as a rod 382 extending between projections 380 on
the housing 102 and the brake caliper 104, extends through
a transverse bore in the arm 372, so that when the shifting
mechanism 366 is in the lower position, the arm 372 holds
the spool member 166 in the vertically higher off position.
Then when operation of the hydraulic braking apparatus is
desired, the solenoid shifts the shifting mechanism 366 to
the higher position so that the arm second end 374 pivots
downwardly to shift the spool member 166 downward to the
operative position.

To protect against undesirable rotation of the shaft 28 in
a case of a loss of power to the solenoid 128, the return
spring 130 can be mounted between the arm 372 and an
upper surface 384 of the solenoid 128 (or the solenoid
mounting bracket 365) in a depressed state. As such, when
power is lost and the solenoid 128 loses control of pivoting
the arm 374, the spring 130 can force the arm 372 upward
to engage the hydraulic brake apparatus and thereby impede
rotation of the shaft 28.

As shown in FIG. 2, the hydraulic braking apparatus 100
as described above, mounted to the bracket 105 can be
mounted within the movable barrier operator 24 so that the
cam 108 and the rotor 360 are mounted to a shaft 386 of a
motor 388 therein. In a preferred form, the motor 388 is an
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electric motor. Alternatively, the hydraulic braking appara-
tus 100 can be packaged as a part of a kit to be offered for
sale, that is configured to be assembled and mounted to the
substrate 12 adjacent to the movable barrier opening 14. As
such, the hydraulic braking apparatus 100 can then be
mounted so that the cam 108 and the rotor 360 are mounted
to the drive shaft 28 of the movable barrier 16.

As known in the art, movable barrier operators can have
travel limits stored, such as in a memory therein, that
correspond to open and closed positions of the movable
barrier 16. Then, when the movable barrier reaches these
limits during travel, a signal is generated. Additionally, as
known in the art, movable barrier operators can be config-
ured to be responsive to signals transmitted from a trans-
mitter 390 (FIG. 1) to a receiver 392 in the operator, such as
signals having codes matched in a memory of the operator,
or signals transmitted from a wall mounted switch device
394 (FIG. 1), having either a wireless or wired connection.
The movable barrier operator 24 can also include a sensing
device 396 as known in the art configured to sense move-
ment of the movable barrier 16 when the motor 388 is not
operational. This state can indicate that the movable barrier
16 is uncontrollably falling to a closed position. In this
instance, the sensing device 396 can be configured to
generate a control signal indicating such undesirable move-
ment. Accordingly, the movable barrier operator 24 can
include a processing or control device 398 configured to
control operation of the movable barrier operator 24 in
response to receiving signals as set forth above and cause the
hydraulic braking apparatus 100 to become operational to
impede movement of the shaft 28 or 386 by sending a
control signal to the solenoid 128 to shift the shifting
mechanism 366 to the higher position. Alternatively, the kit
of the hydraulic braking apparatus 100 can include a sepa-
rate processing or control device 399 configured to similarly
send control signals to the solenoid 128.

With the structure described above, methods for operation
and installation of the hydraulic braking apparatus 100 will
be described below. In a first example, a method 400 for
operating the hydraulic braking apparatus 100 is shown in
FIG. 11. The method 400 includes converting 402 rotational
movement of the drive or motor shaft 28, 386 into linear
movement of the pump piston member 126 within the piston
pump 122. This can occur by the pump piston member 126
engaging the cam 108 mounted to the shaft 28, 386. As
discussed above, the pump piston member 126 can engage
the cam 108 as a result of operation of the spool valve 162,
such as by shifting the spool member 166 to the operative
position. The pump piston member 126 can also engage the
cam 108 by initially pressurizing the reservoir 148 and
releasing pressure within the reservoir into the piston pump
122 to drive the pump piston member 126 to the extended
position. Operation of the piston pump 122 creates 404
pressure within the hydraulic lines fluidly connected to the
piston pump 122. With this pressure, the brake pad 319 is
driven 406 into frictional engagement with the brake mem-
ber 360 coupled to the shaft 28, 386.

One example method of installing 500 the hydraulic
braking apparatus 100 is illustrated in the flow chart shown
in FIG. 12. The installation includes coupling 502 the cam
108 to the drive or motor shaft 28, 386 coupled to the
movable barrier 16. The piston pump 122 is mounted 504
adjacent to the shaft 28, 386 so that the piston pump 122 can
selectively engage the cam 108. A brake member 360 is also
coupled 506 to the shaft 28, 386. The installation next
includes mounting 508 the brake caliper assembly 104 with
the brake pads 319, as described above, adjacent to the brake
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member 360 so that the brake pads 319 can selectively
engage the brake member 360. The brake piston mechanism
140 is mounted 510 adjacent to the brake caliper assembly
104 so that the brake piston mechanism 140 can selectively
shift the brake pad 319 into engagement with the brake
member 360. Hydraulic lines, such as those discussed
above, are then established 512 between the piston pump
122 and the brake piston mechanism 140. Additionally, the
installation 500 can optionally include operatively coupling
514 the control device 398, 399 to the piston pump 122 so
that the control device 398, 399 can control the selective
engagement between the piston pump 122 and the cam 108.

Those skilled in the art will recognize that a wide variety
of modifications, alternations, and combinations can be
made with respect to the above described embodiments
without departing from the scope of the invention. For
instance, although configurations, shapes, and sizes for a
hydraulic braking apparatus have been described, other
suitable configurations, shapes, and sizes could also be
utilized to achieve the desired braking application. Such
modifications, alternations, and combinations are to be
viewed as being within the ambit of the inventive concept.

What is claimed is:

1. A hydraulic movable barrier brake apparatus compris-

ing:

a cam coupled to a drive shaft of a movable barrier
operator configured to control operation of a movable
barrier;

a first piston mechanism configured to selectively engage
the cam; and

a brake mechanism operatively coupled to the first piston
mechanism and configured to impede rotation of the
drive shaft through driving a brake caliper in response
to the first piston mechanism engaging the cam.

2. The hydraulic movable barrier brake apparatus of claim

1 further comprising a control device configured to control
operation of the first piston mechanism.

3. The hydraulic movable barrier brake apparatus of claim

2 further comprising a fluid reservoir fluidly connected to
the first piston mechanism and configured to pressurize in
response to the control mechanism causing the first piston
mechanism to disengage from the cam.

4. The hydraulic movable barrier brake apparatus of claim

3 further comprising a second piston mechanism fluidly
coupled to the first piston mechanism and configured to
cause the brake mechanism to impede rotation of the drive
shaft in response to operation of the first piston mechanism.

5. The hydraulic movable barrier brake apparatus of claim

4 wherein the first piston mechanism, the second piston
mechanism, and the fluid reservoir are hydraulically coupled
by fluid lines, and wherein the fluid lines are defined by a
single-piece housing.

6. The hydraulic movable barrier brake apparatus of claim

5 further comprising a spool member disposed at least
partially within the single-piece housing and movable
between on and off positions controlling a plurality of fluid
connections between the first piston mechanism, the second
piston mechanism, and the fluid reservoir.

7. The hydraulic movable barrier brake apparatus of claim

3 wherein the fluid reservoir is configured to at least partially
drive the first piston mechanism to an extended position to
thereby engage the cam and be driven by the cam to a
compressed position.

8. The hydraulic movable barrier brake apparatus of claim

3 wherein the fluid reservoir includes a pre-charge pressure
between about 30 psi and about 50 psi.
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9. The hydraulic movable barrier brake apparatus of claim
2 further comprising a return spring configured to drive the
first piston mechanism to an extended position to thereby
engage the cam and be driven the cam to a compressed
position.

10. The hydraulic movable barrier brake apparatus of
claim 9 wherein the return spring is configured to drive the
first piston mechanism to the extended position in response
to a loss of power to the control device.

11. The hydraulic movable barrier brake apparatus of
claim 2 wherein the control mechanism comprises a sole-
noid.

12. The hydraulic movable barrier brake apparatus of
claim 2 wherein the control mechanism is configured to:

receive a signal indicating that the movable barrier trav-
eled to a movement limit; and

cause the first piston mechanism to engage the cam in
response to receiving the signal indicating that the
movable barrier traveled to the movement limit.

13. The hydraulic movable barrier brake apparatus of
claim 2 wherein the control mechanism is configured to
cause the first piston mechanism to engage the cam in
response to movement of the movable barrier without opera-
tion of the movable barrier operator.

14. The hydraulic movable barrier brake apparatus of
claim 1 wherein the brake mechanism comprises:

a rotor member coupled to the drive shaft; and

at least one brake pad positioned adjacent to the rotor
member and configured to engage the rotor member to
impede rotation of the drive shaft in response to opera-
tion of the first piston mechanism.

15. A movable barrier operator comprising:

a housing;

a movable barrier motor at least partially received within
the housing, the movable barrier motor having a motor
shaft and being configured to drive a movable barrier
between and open and closed positions;

a hydraulic brake configured to selectively engage the
motor shaft to thereby inhibit rotation of the motor
shaft and movement of the movable barrier, wherein
the hydraulic brake assembly comprises:

a cam coupled to a drive shaft of a movable barrier
operator configured to control operation of a mov-
able barrier;

a first piston mechanism configured to selectively
engage the cam; and

a brake mechanism operatively coupled to the first
piston mechanism and configured to impede rotation
of the drive shaft through driving a brake caliper in
response to the first piston mechanism engaging the
cam.

16. The movable barrier operator of claim 15 wherein the
the brake mechanism comprises a brake pad and a rotor
coupled to the motor shaft, the brake pad configured to
engage and impede rotation of the rotor in response to the
first piston mechanism engaging the cam.

17. The movable barrier operator of claim 16 wherein the
hydraulic brake assembly further comprises a second piston
mechanism connected between the first piston mechanism
and the brake mechanism such that operation of the first
piston mechanism drives operation of the second piston
mechanism and the second piston mechanism drives the
brake pad into engagement with the rotor.

18. The movable barrier operator of claim 15 further
comprising a control device configured to control operation
of the motor and the hydraulic brake assembly.
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19. The movable barrier operator of claim 18 wherein the
control device comprises a solenoid configured to selec-
tively cause the first piston mechanism to engage the cam.

20. The movable barrier operator of claim 15 further

comprising a fluid reservoir having a cylinder disposed 3

within the housing and configured to receive hydraulic fluid
in response to the first piston mechanism disengaging from
the cam.

21. The movable barrier operator of claim 15 further
comprising a return spring configured to cause the first
piston mechanism to engage the cam and impede rotation of
the motor shaft in response to a loss of power.

22. A hydraulic movable barrier brake apparatus compris-
ing:

a cam coupled to a drive shaft of a movable barrier
operator configured to control operation of a movable
barrier;

a first piston mechanism configured to selectively engage
the cam;

a brake mechanism operatively coupled to the first piston
mechanism and configured to impede rotation of the
drive shaft in response to the first piston mechanism
engaging the cam;

a fluid reservoir fluidly connected to the first piston
mechanism and configured to pressurize in response to
the control mechanism causing the first piston mecha-
nism to disengage from the cam;

a second piston mechanism fluidly coupled to the first
piston mechanism and configured to cause the brake
mechanism to impede rotation of the drive shaft in
response to operation of the first piston mechanism;

a housing defining fluid lines hydraulically coupled to the
first piston mechanism, the second piston mechanism,
and the fluid reservoir;
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a spool member disposed at least partially within the
housing and movable between on and off positions that
selectively control a plurality of fluid connections
among the first piston mechanism, the second piston
mechanism, and the fluid reservoir.

23. The hydraulic movable barrier brake apparatus of
claim 22 wherein the brake mechanism comprises a brake
pad and a rotor coupled to the motor shaft, the brake pad
configured to engage and impede rotation of the rotor in
response to the first piston mechanism engaging the cam.

24. The hydraulic movable barrier brake apparatus of
claim 22 further comprising a control device configured to
control operation of the hydraulic brake assembly by effect-
ing selective movement of the spool member.

25. The hydraulic movable barrier brake apparatus of
claim 22 further comprising a fluid reservoir having a
cylinder disposed within the housing and configured to
receive hydraulic fluid in response to the first piston mecha-
nism disengaging from the cam.

26. The hydraulic movable barrier brake apparatus of
claim 22 further comprising a return spring configured to
cause the first piston mechanism to engage the cam and
impede rotation of the motor shaft in response to a loss of
power.

27. The hydraulic movable barrier brake apparatus of
claim 22 wherein when disposed in the off position, the
spool member effects a connection of the fluid lines to
fluidly disconnect a fluid pump from the fluid reservoir and
to fluidly connect the fluid reservoir to a pressure relief.

28. The hydraulic movable barrier brake apparatus of
claim 22 wherein when disposed in the on position, the spool
member effects a connection of the fluid lines to fluidly
connect a fluid pump to the fluid reservoir and to fluidly
disconnect the fluid reservoir from a pressure relief.
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